of the hnRNP proteins have been found to function in mRNA translation, stability, or mRNA localization in the cytoplasm [3, 6-10].
Introduction
Upf3 and RNPS1 were found in RNP complexes containing Y14, Aly/REF, and TAP [21, 22] , these proteins Although transcription and splicing can be uncoupled may not persist on mRNAs in the cytoplasm [23] . in vitro, pre-mRNAs are predominantly spliced cotransThe final removal of Y14 and of other putative compocriptionally in vivo [1]. Nascent transcripts become assonents of the cytoplasmic EJC (cEJC) from mRNAs has ciated with hnRNP proteins and components of the been suggested but not previously demonstrated to be splicing machinery including snRNPs. The hnRNP promediated by the translation machinery ( Figure 1D ). This teins that bind to chromatin-associated pre-mRNAs parsuggestion has been made in an attempt to explain the ticipate in various nuclear events, such as transcription requirement for both pre-mRNA splicing and translation regulation, alternative splicing, and 3Ј end processing in the recognition of premature stop codons (PTCs) and [2, 3]. Whereas snRNPs dissociate from spliced mRNAs, activation of the nonsense-mediated degradation of many of the hnRNP proteins remain associated with mRNAs that bear PTCs [28, 29] . Because Y14 remains spliced mRNAs in the nucleus, and the majority of these on the mRNAs after export to the cytoplasm in the same also accompany mRNAs to the cytoplasm, suggesting a position, near exon-exon junctions, it has the necessary role for these proteins in mRNA export and cytoplasmic attributes to serve as a mark that could communicate mRNA metabolism [4, 5] . Consistent with this, several to the translation machinery in the cytoplasm information that is needed to distinguish between PTCs and legitimate termination codons. Here we show that Y14 is found on mRNAs in the cytoplasm of somatic cells. Xenopus oocytes [11] . The splicing substrates used in In particular, Y14 is present in polysome profile fractions previous experiments did not contain an open reading corresponding to mRNAs that are associated with one frame encompassing the exon-exon junctions, as is the ribosome. We developed an assay to analyze the recase for most cellular mRNAs. Thus, it seemed possible quirement for translation for the removal of Y14. We that these substrates did not behave as natural mRNAs show both in vitro and in vivo that mRNA translation is with regards to their interaction with the translation marequired to remove Y14 from spliced cytoplasmic chinery. Consequently, it was not clear whether Y14 mRNAs. These findings support the conclusion that Y14, persists on mRNAs until they engage the translation likely together with magoh, RNPS1, and Upf3, serves machinery in the cytoplasm, and whether translation is as the splicing-dependent marker that communicates required to remove Y14 from mRNAs. Furthermore, to the translation machinery in the cytoplasm the inforthese studies were carried out in Xenopus oocytes, and mation necessary for surveillance of PTCs and thus for similar information on somatic cells was thus not activation of NMD.
available.
To determine whether Y14 is present in fractions containing mRNAs associated with ribosomes in somatic rather than general translation inhibitors was used to 5 to 8). Total, immunoprecipitated, and unbound RNAs were extracted and resolved by electrophoresis on deinhibit translation in order to achieve a more complete and reproducible block in protein synthesis. To verify naturating polyacrylamide gels. In agreement with previous studies, Figure 4A shows that Y14 was preferentially that this stable secondary structure also efficiently inhibits translation of CDCm, equal amounts of capped 5Ј-associated with spliced mRNAs (lanes 6 and 8) and importantly that Y14 bound equally well to 5Ј-sec-CDCm sec-CDCm and CDCm mRNAs were incubated in rabbit reticulocyte lysates translation system containing and CDCm produced by splicing (compare lanes 6 and 8). The interaction of Y14 with mRNAs was splicing de-[ To determine whether translation is required to reactivity of 5Ј-secpre-CDC and pre-CDC was examined in vitro. The relative splicing efficiency of the substrates move Y14 from spliced mRNAs, 5Ј-secpre-CDC and pre-CDC splicing reactions were incubated in rabbit reticulowas found to be similar and comparable to the original CDC (data not shown). As changes in the CDC sequence cyte lysates before immunoprecipitation. During this step, CDCm but not 5Ј-sec-CDCm will be translated, might also affect assembly of exon-exon junction complexes, the interaction of Y14 with the novel splicing and if translation is required to remove Y14 from the spliced mRNAs, more 5Ј-sec-CDCm should be immunosubstrates was characterized. Aliquots from splicing reactions of capped 5Ј-secpre-CDC and pre-CDC were precipitated with the anti-Y14 (4C4) antibody. Figure 4C shows that after translation considerably more Y14 was collected to verify splicing efficiency ( Figure 4A, lanes  3 and 4) . The remaining reaction volumes were used in associated with untranslated 5Ј-sec-CDCm as compared to CDCm. Thus, these results suggest that translaimmunoprecipitation experiments with anti-Y14 (4C4) and a nonimmune antibody (SP2/0) as a control (lanes tion can remove Y14 from mRNAs in vitro. 
Removal of Y14 from Cytoplasmic mRNAs In Vivo
used to detect spliced 5Ј-sec-CDCm and CDCm did not encompass the 5Ј untranslated region (5Ј UTR), and thus
Requires Translation
The results presented in Figure 4 suggest that the bindprotected fragments from either constructs should be of the same size. Figure 5 shows that although comparable ing of Y14 persists on mRNAs in the cytoplasm until the mRNAs are engaged by the translation machinery.
amounts of 5Ј-sec-CDCm and CDCm were generated (lanes 6 and 9), Y14 was associated almost exclusively However, in this system, spliced mRNAs are directly accessible to the protein synthesis machinery rather with the translationally inactive 5Ј-sec-CDCm. The association of Y14 with 5Ј-sec-CDCm and CDCm was splicthan first undergoing nuclear export through the nuclear pore complex. Consequently, it is possible that the coming dependent, since only low levels of Ad2m were immunoprecipitated with the anti-Y14 antibody (lanes 5, position of the post-export exon-exon junction complexes might be different from that of complexes pro-8, and 11). Together, these results demonstrate that Y14 remains associated with mRNAs in the cytoplasm until duced by splicing in vitro. To address the possibility that translation is required to remove Y14 from mRNAs the mRNAs engage the translation machinery and that cytoplasmic translation is required to remove Y14 from in vitro because it is more stably bound to transcripts in the presence of other complex components, the remRNA exon-exon junctions. quirement of translation was analyzed in vivo. 293T cells were cotransfected with the intronless reporter conDiscussion struct Ad2m and either pcDNA3, 5Ј-secpre-CDC, or pre-CDC. Ad2m served as a control for transfection effiWe show here that Y14 is present in polysome profile fractions corresponding to mRNAs that are associated ciency and for Y14 binding specificity. viously shown to enhance mRNA translation activity [35] . Of the known cytoplasmic EJC components, Y14 and magoh are the best candidates to mediate this activity. protein magoh assemble into the exon-exon junction It will be interesting to determine whether these proteins complex (EJC) and are present on mRNAs after their or other as yet unidentified cEJC components are reexport to the cytoplasm. This suggested that Y14, tosponsible for this activity. The in vitro splicing/translagether with magoh, could provide the critical link betion-coupled system should be a useful tool to charactween splicing and translation and thus function in nonterize these functional aspects of the cEJC. sense-mediated mRNA decay (NMD). NMD is a process by which mRNAs containing mutations that cause preConclusions mature termination codons (PTC) are selectively deWe demonstrated that the EJC protein Y14 remains asgraded [32] . A further link between Y14 and NMD was sociated with mRNAs until mRNAs engage ribosomes provided by the observation that Y14 interacts with the in the cytoplasm. Using a novel in vitro splicing/transla-NMD factor Upf3 and that Upf3 is also part of the EJC tion-coupled system, we found that translation is re- [21] . Another EJC component, RNPS1, has been shown quired to remove Y14 from spliced mRNAs. We further to interact with Upf3 [19] and thus is also likely to particishowed that Y14 remains bound to translationally silent pate in mRNA surveillance. Upf3 is predominantly numRNAs but not to translated mRNAs in vivo. clear and thought to recruit Upf2 upon nuclear export
Experimental Procedures
[33]. Upf2 is also an essential factor in NMD and it interacts, in addition with Upf3, with the NMD factor Upf1, Plasmids a protein associated with eukaryotic translation release Pre-CDC and CDCm were generated by polymerase chain reaction factors, which is required to trigger NMD of PTC-con-(PCR) using pCDC and pCDCm as templates, respectively [11] . Primtaining mRNAs.
ers were designed to include an KpnI site and ATG or an XhoI site, Flag sequence, and TGA in the forward and reverse oligonucleoThe presence of Y14 and possibly also magoh Upf3 tides, respectively, to introduce an open reading frame in the reat 4ЊC. Complexes were washed five times with HNT buffer and treated with proteinase K for 30 min at 37ЊC. RNAs were extracted porter constructs. 5Ј-secpre-CDC and 5Ј-sec-CDCm were generated as described above, except that the following sequence was with phenol/chloroform and analyzed on denaturating 6% polyacrylamide gels. Immunoprecipitation from splicing/translation-coupled included in the forward primer: 5Ј-CCGGATCCGGCCGGATCCGGC CGGATCCGG-3Ј. PCR products were subcloned into pcDNA3 (Insamples was performed as above, except that samples were diluted with three volumes of HNT buffer prior incubation with antibodies. vitrogen), and sequences were verified by automated DNA cycle sequencing. The plasmid pAd2m was previously described [11] . 
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